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Abstract 

Background: Raising prices through taxation on tobacco and alcohol products is a common strategy to raise 
revenues and reduce consumption. However, taxation policies are product specific, focusing either on alcohol or 
tobacco products. Several studies document interactions between the price of cigarettes and general alcohol use 
and it is important to know whether increased cigarette prices are associated with varying alcohol drinking patterns 
among different population groups. To inform policymaking, this study investigates the association of state 
cigarette prices with smoking, and current, binge, and heavy drinking by age group. 

Methods: The 2001-2006 Behavioral Risk Factor Surveillance System surveys (n = 1,323,758) were pooled and 
analyzed using multiple regression equations to estimate changes in smoking and drinking pattern response to an 
increase in cigarette price, among adults aged 18 and older. For each outcome, a multiple linear probability model 
was estimated which incorporated terms interacting state cigarette price with age group. State and year fixed 
effects were included to control for potential unobserved state-level characteristics that might influence smoking 
and drinking. 

Results: Increases in state cigarette prices were associated with increases in current drinking among persons aged 
65 and older, and binge and heavy drinking among persons aged 21-29. Reductions in smoking were found 
among persons aged 30-64, drinking among those aged 18-20, and binge drinking among those aged 65 and 
older. 

Conclusions: Increases in state cigarette prices may increase or decrease smoking and harmful drinking behaviors 
differentially by age. Adults aged 21-29 and 65 and older are more prone to increased drinking as a result of 
increased cigarette prices. Researchers, practitioners, advocates, and policymakers should work together to 
understand and prepare for these unintended consequences of tobacco taxation policy. 
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Background 

Alcohol and tobacco use lead to enormous human and 
economic costs in the U.S. In the past few decades overall 
rates of smoking and drinking have declined [1,2]. How- 
ever, alcohol contributes to about 98,000 deaths annually 
[3], and smoking, 443,000 deaths [4]. Annual direct and 
indirect alcohol- related costs approach $185 billion, while 
nearly $158 billion in health- related costs are ascribed to 
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smoking [5,6]. Raising prices through taxation on tobacco 
and alcohol products is a common strategy used inter- 
nationally to raise revenues and reduce consumption, es- 
pecially among youth [1,2,7-12]. Taxation policies are 
product specific and focus either on alcohol or tobacco. 
An emerging body of economic literature, however, docu- 
ments the interactions between the price of tobacco and 
use of alcohol [13-18]. These "cross-price" influences re- 
flect a change in the demand for a good (e.g. alco- 
hol) in response to an increase in price of another good 
(e.g. cigarettes) [19]. It is not known if increased prices on 
cigarettes are associated with binge or heavy alcohol 



o 



© McLellan et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative 
BiolVlGCl C6ntTcll Commons Attribution License (http://creativecommons.Org/licenses/by/2.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 



McLellan et al. Substance Abuse Treatment, Prevention, and Policy 2012, 7:28 
http://www.substanceabusepolicy.eom/content/7/1/28 



Page 2 of 10 



drinking patterns across different age groups. To inform 
policymaking, it is important to know whether and how 
strategies to reduce cigarette use, such as cigarette taxation, 
influence drinking behaviors, and whether these effects dif- 
fer across age groups. 

Underlying mechanisms influencing use and co-use of 
alcohol and nicotine 

Biological, genetic, behavioral, socio-demographic, and pol- 
icy factors can provide insight into understanding the link 
between alcohol and tobacco use and co-use that may, in 
turn, influence how tobacco control policies influence 
drinking behavior. Studies suggest there are biological and 
shared genetic components in using and becoming 
dependent on alcohol and nicotine both separately and to- 
gether [20-23]. Behavioral mechanisms also link alcohol 
and tobacco, such as level of impulsivity, self-medication 
for psychological issues such as anxiety and depression, 
and reinforcement effects that help to explain how smok- 
ing and drinking can be triggers for each other [24]. 

Socio-demographic factors such as age, gender, race/ 
ethnicity, education, socio-economic status, marital status, 
and employment status are associated with differences in 
smoking and drinking [25,26]. For example, younger 
people tend to have higher rates of smoking and binge 
drinking than those aged 65 and older [25,26], men have 
higher rates of smoking and drinking than women [25,26], 
Native Hawaiian/ Pacific Islanders report the highest 
smoking and binge and heavy drinking rates compared to 
other racial/ethnic groups and Asian Americans report 
the lowest [25,26]. Studies show that full-time college stu- 
dents have the highest rates of binge and heavy drinking 
and those with college degrees have lower rates of smok- 
ing than those with 9-11 years of education [25,26]. Per- 
sons who are below the federal poverty level are more 
likely to smoke and less likely to drink than those who are 
above the federal poverty level [25,27]. Those who are in a 
partnership, and specifically those who are married, are 
less likely to have problematic drinking patterns and are 
less likely to be smokers [28-30]. Persons who are 
employed or out of the workforce (e.g. homemakers, stu- 
dents, retired individuals) are less likely to smoke than 
those who are unemployed [31]. The employed have 
higher rates of current drinking, but lower rates of prob- 
lematic drinking than those who are unemployed [26]. 

Socio-economic and governmental practices and pol- 
icies influence use. As an example, tobacco and alcohol 
companies use similar advertising and marketing prac- 
tices which have been found to increase consumption of 
tobacco and alcohol [32,33]. Governmental policies 
impacting the pricing, taxation, and sales of tobacco and 
alcohol products have been shown to influence con- 
sumption of both products, individually and together 
[34,35]. Generally, higher prices reduce consumption of 



each product individually. Policies can also have impacts 
across products. For instance, tobacco control policies 
have been found to have effects on drinking behaviors. 
A study reported that smoking bans in bars are asso- 
ciated with higher traffic fatalities as drunk drivers travel 
further to bars allowing smoking [36] . 

Economics provides an understanding of further mechan- 
isms influencing smoking and drinking. According to the 
theory of consumer demand, an increase in the price of a 
good (e.g. cigarettes) would be predicted to lower consump- 
tion of that good [37]. However, demand theory also recog- 
nizes that relationships between the demands for products 
may exist, so that when prices increase on one product it 
can have different effects on the use of both products, de- 
pending on the relationship. For instance, if two products 
are close "substitutes," a price increase in one (e.g. cigar- 
ettes) will make a consumer buy more of the substitute (e.g. 
alcohol), and the cross-price relationship will be positive 
[37]. Alternatively, goods may be "complements," in which 
case, when the price of cigarettes rises, the demand for both 
cigarettes and alcohol subsides, revealing a negative cross- 
price relationship [37]. 

In policy-making, cross-price relationships of goods may 
lead to intended and unintended consequences. For instance, 
increases in the price of cigarettes through taxation may de- 
crease consumption of cigarettes (an intended consequence) 
and decrease harmful alcohol consumption if the goods are 
complements, arguably a positive unintended consequence. 
However, if the goods are substitutes and harmful drinking 
patterns amplify, then a negative unintended consequence 
might occur after cigarette prices increase. As policymakers 
may focus on the reduction of cigarette and alcohol con- 
sumption by youth and young adults as a reason for raising 
excise taxes, whether these taxes are associated with 
cigarette and alcohol use by young, in comparison with older 
persons, may be of interest to them. 

While some literature examines the influence of cigarette 
prices on the prevalence and consumption of alcohol, there 
is no consensus among researchers on whether drinking 
increases or decreases as a result of cigarette prices 
[13,14,16-18,38]. One study found that higher cigarette 
prices increase drinking among adults over the age of 18 
[13]. Others found a similar response among adults aged 51 
and over [38], and among teens [18]. In contrast, some 
studies found that increasing the price of cigarettes reduces 
drinking [14,17,39,40]. Dee found that teens reduce drink- 
ing in response to increases in cigarette price, although in 
models with added controls, the relationship was no longer 
statistically significant [14]. A study of those 14 and older in 
Australia reported reduced drinking in response to 
increased cigarette prices as did studies in the U.K. and 
Sweden using sales data [17,39,40]. 

Only one of these studies investigated the impact of 
increases in cigarette price on current and binge 
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drinking [14]. No studies have examined the influence of 
increases in cigarette price on different drinking patterns 
across various age groups. This is a notable gap since drink- 
ing and smoking rates vary dramatically by age. For ex- 
ample, the prevalence rates of binge drinking among adults 
aged 18-20 are 30-40%, are as high as 50% among adults 
aged 21-29, and are 23-30% among adults aged 30-49 [41]. 
After age 50 binge drinking drops; 12-19% of adults aged 
50-64 and 8% of adults over the age of 65 binge drink [41]. 
While smoking prevalence rates are 20% for adults aged 
18-64, they drop by half to 9.5% for persons over age 65 
[42]. 

Given public health goals of preventing and reducing 
binge and heavy drinking, and the sharp differences in 
drinking patterns by age, this study aimed to address the 
significant gap in the literature on the impact of 
increased state cigarette price on alcohol drinking beha- 
viors across age groups, with a particular focus on 
younger age groups. Since most of the U.S. research sug- 
gests that increases in cigarettes prices are associated 
with reductions in smoking and increases in drinking 
among the young, the primary hypothesis of this re- 
search was that increases in state cigarette prices would 
produce stronger reductions in current smoking, and 
stronger increases in current, binge, and heavy drinking 
among young adults (those under 30 years of age), than 
among those aged 30-64 and 65 and older. 

Methods 

Data and sample 

This study analyzed six years (2001-2006) of nation- 
ally representative data from the Behavioral Risk Fac- 
tor Surveillance System (BRFSS) surveys. Full details 
of the BRFSS design are available elsewhere [43]. 
The price and policy variables described below were 
merged into the BRFSS yearly data and then data 
were pooled. The BRFSS data identify the state in 
which a respondent resides — critical information for 
this study about impacts of state-level variables. 

Due to different stratification sampling approaches, 
the U.S. territories were dropped from the sample, as 
were observations from Maine, New Hampshire, and 
Rhode Island (n = 74,581) which did not report results 
for the beer price variable. This yielded a sample size 
of 1,623,615 independent observations. Listwise dele- 
tion was used to address missing data (n = 299,857) 
[44], leaving a final sample of 1,323,758 for the 
analysis of data on current and heavy drinking. For 
binge drinking, the sample included 1,050,573, observa- 
tions as we dropped observations from 2006 due to a 
change in definition of binge drinking for women in that 
year. The sample included users and non-users of cigarettes 
and alcohol. 



Measures 

Current smoking and current, binge, and heavy drinking 

The four dichotomous outcome measures were current 
smoking; and current, binge, and heavy drinking. Partici- 
pation in current smoking; and current, binge, and heavy 
drinking were coded as 1 for survey participants who 
responded that they participated in these behaviors and 
coded 0 otherwise. During 2001-2006 the BRFSS defined 
current smoking as having smoked in the last 30 days, and 
current drinking as having at least one alcoholic beverage in 
the past 30 days [45]. For men, heavy drinking was defined 
in the BRFSS as having on average more than two drinks 
per day, and for women, more than one per day in the last 
30 days. In 2001-2005, binge drinking was defined as having 
five or more drinks on one occasion in the last 30 days. 

Cigarette price 

The main explanatory variable was cigarette price, a 
continuous variable reflecting weighted average price of 
cigarettes (including generic brands) in dollars by state 
and year [46]. To correct for changes in price levels over 
time due to inflation, we deflated cigarette prices for the 
years 2001-2006 by the national Consumer Price Index 
(CPI) in constant 1982-4 dollars, the standard base year 
of the CPI used in the literature [47,48]. Reflecting other 
literature, the price included the federal tax, but did not 
include state and local taxes [46,49]. This variable was 
linked to the BRFSS state variable for each respondent. 

Age 

The age variable consisted of categories of those aged 
18-20, 21-29, 30-64, and 65 years and over, in order to 
observe hypothesized variation between younger age 
groups (those under the age of 30) and older age groups. 
Binge and heavy drinking rates are highest among 
younger age groups and drop dramatically after age 65; 
an overall flattening of prevalence rates occurs between 
ages 30-64. Thus, we focus on differentiating the age 
groups of those under 30. Also, increases in excise taxes 
are passed by policy makers to reduce the prevalence of 
smoking and drinking among young people [1,10]. 

Other covariates 

Additional individual-level variables were used to adjust 
for potential influences on smoking and drinking beha- 
viors: gender; race/ethnicity; educational level; and part- 
ner, employment, and poverty status. Gender was a 
dichotomous variable, with males being the reference 
group. Race/ethnicity was an eight-category variable with 
Non-Hispanic whites as the reference group. The educa- 
tional level variable had four categories with college 
graduates and above as the reference category. 

Since drinking and smoking may vary by partner, em- 
ployment, and poverty status, as described above, we used 
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them for adjustment purposes. We collapsed them into 
categories that would have meaning for both alcohol and 
tobacco use. Partners (i.e. married or in an unmarried 
couple) were coded as 1 and those who were not in a part- 
nership (i.e. divorced, widowed, separated, never married) 
were coded as 0. Employment status included the categor- 
ies unemployed, employed (reference group), or not in the 
labor force. Poverty status was a categorical variable that 
was calculated using U.S. Department of Health and 
Human Services (DHHS) guidelines which included house- 
hold income, household size, and state of residence [50]. 
The BRFSS income variable was an ordinal categorical vari- 
able grouped into eight ranges of household income. As the 
BRFSS categories did not exactly parallel the DHHS poverty 
guidelines, the "poverty status" variable in this study had 
three categories of those who were 1) definitely not poor, 2) 
definitely poor, and 3) may be poor. This third category of 
"may be poor" included those respondents whose category 
of household income straddled the cutoff points for defin- 
itely not poor, or definitely poor. Those with incomes that 
are definitely above the poverty level (i.e. definitely not 
poor) were the reference group. Other variables of theoret- 
ical interest were not included, either because they were 
highly collinear with existing variables (e.g. occupation), or 
were not available in the BRFSS (e.g. addiction level). 

State-level policy and economic covariates 

Beer price data from the American Chamber of Commerce 
Researchers Association (ACCRA) reported the retail price 
of a six-pack of Heineken and included federal, state, and 
local taxes, but excluded sales taxes and deposits [51]. 
ACCRAs decision to use Heineken as the beer brand for 
beer price may not be reflective of all drinkers' brand 
choice, since it is a medium-priced beer. Yet, these data are 
widely used in the literature [52] and are one of the only 
comprehensive sources of beer price over time. As with the 
smoking price variable described above, the beer price was 
in constant 1982-4 dollars (=1.00) adjusted for inflation. 

We developed an ordinal variable measuring smoking 
restrictions (range 0-12) for each state. Drawing on prior 
work [47,53], the variable was calculated by identifying for 
each state the strength of smoking restrictions within pri- 
vate worksites, governmental worksites, restaurants, and 
bars [47,54,55]. We rated each venue on the strength of its 
smoking restriction, coded from 0 (no restrictions) to 3 
(smoking is banned). Then the values for each of the four 
venues were added up to arrive at the value for the state 
smoking restriction variable. Local area restrictions were 
not included, as the dataset did not publicly identify 
respondents' residences within states. 

To adjust for overall trends in state-level economic indi- 
cators, yearly state poverty rates were included as a con- 
tinuous covariate. State median household income and 
state unemployment rate were considered as potential co- 



variates, but because of their high correlations with other 
variables, they were excluded from final analyses. The four 
state-level variables that had the strongest support in the lit- 
erature and the data available for inclusion remained: state 
cigarette price, state beer price, the magnitude of state 
smoke-free laws, and state poverty rate. 

Other variables 

Year and state dummy variables were included as fixed 
effects to account for other unmeasured factors at the state 
level that might have been correlated with smoking and 
drinking. The survey year (dichotomous as either 2001, 
2002, 2003, 2004, 2005, 2006, or not) and state of residence 
(one out of a possible 47 possible states and the District of 
Columbia) were included as dichotomous variables. Finally, 
we weighted all data using the BRFSS weights. These 
weights adjust for non-response and non-coverage for geo- 
graphical strata, to adhere to sample estimates of those 
geographical areas, and to take into account state stratifica- 
tion by age, gender, and race/ethnicity. Full details of the 
BRFSS design and weighting are available elsewhere [43]. 

Statistical analyses 

To test study hypotheses and address clustering that may 
occur at the state level over time, we estimated a series of 
linear regression equations using state and year as fixed 
effects [56]. A concern when conducting state policy re- 
search is that there could be confounding from unob- 
served characteristics of the state that are correlated with 
both smoking and cigarette price (e.g. anti-smoking senti- 
ment). The benefit of using state effects, e.g. fixed effects, 
is that they account for any such unmeasured state-level 
characteristics that remain constant over time and may in- 
fluence outcomes. 

Univariate and bivariate analyses were conducted to de- 
termine variable means and relationships between cigarette 
price, age and smoking, and similarly for the three drinking 
variables. For each of the four outcome variables we esti- 
mated a linear probability model (LPM), using interaction 
terms (which interacted each age group with mean state 
cigarette price) to test hypotheses. All models included the 
same variables. Although the outcomes were binary, for 
which logistic regression usually is used, our inclusion of 
interaction terms introduces challenges with interpretation 
in nonlinear models. LPM has been found to be an appro- 
priate and useful method for interpreting interaction terms 
when estimating models for binary outcomes [13,14,56- 
59]. The coefficients from each of four regression models 
were then used to derive the predicted response, separately 
by age group, of each behavior to a $1 increase in cigarette 
price, and expressed as percentage point changes. 

All statistical analyses were performed using SAS ver- 
sion 9.2 (SAS Institute, Cary, North Carolina), utilizing 
procedures that address the complex sampling design of 
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the BRFSS and adjust standard errors using the Taylor 
linearization method for computing variances [60]. The 
LPM models were estimated using OLS for weighted sur- 
vey data (SAS PROC SURVEYREG). SAS options speci- 
fied that models predicted the probability of smoking and 
drinking rather than the probability of not smoking or not 
drinking. The study was deemed exempt by the Brandeis 
University Committee for the Protection of Human 
Subjects. 

Results 

Table 1 provides weighted descriptions of the sample, in- 
cluding cigarette pack price, socio-demographics and 
state-level policy variables. The six-year mean of the 
main independent variable, state cigarette price per pack, 
adjusted for inflation, was $2.02 (range, $1.95-2.09). Of 
importance for this study, 4.32% of the sample was aged 
18-20, 16.49% aged 21-29, 64.27% aged 30-64, and 
14.92% aged 65 and older. The analytic sample is slightly 
older compared to U.S. Census Data from 2002 [61]. 

Table 2 shows how the weighted prevalences of smoking 
and drinking behaviors vary by age group. Overall smok- 
ing prevalence was 21.79%, drinking 55.38%, binge drink- 
ing 15.69%, and heavy drinking 5.43%. These overall 
prevalence rates mask statistically significant (p < .001) 
differences by age group for each outcome. Those aged 65 
and older have lower prevalence rates of smoking, and 
current, binge, and heavy drinking than those younger 
than 65 years of age. Those aged 18-20 have higher preva- 
lence rates of all four behaviors than adults aged 65 and 
older. Additionally, adults aged 21-29 have the highest 
prevalence rates of smoking and all three drinking 
patterns. 

Regression results in Table 3 suggest that age group 
influences the associations between state cigarette price, 
smoking, and patterns of drinking. The cigarette price co- 
efficient from the LPM results predicts the change in the 
probability of current smoking; and current, binge, and 
heavy drinking among the reference group (those aged 65 
and older) from a one-dollar increase in the mean state 
cigarette price [56]. The coefficients on the interaction 
terms capture the differences from the reference group in 
the response of smoking and drinking behaviors to the 
state cigarette price. For example, the coefficient on 
"cigarette price x aged 21-29" (the interaction term) for 
binge drinking is 0.060. This indicates that the response of 
binge drinking to a one dollar increase in cigarette price is 
6.00 percentage points higher for those aged 21-29 than it 
is for those aged 65 and older. Furthermore, the positive 
coefficients in Table 3 indicate that an increase in state 
cigarette price is associated with increases in the probabil- 
ity of smoking/drinking, while negative coefficients indi- 
cate associations with decreases in the probability of those 
behaviors. For example, for those aged 30-64, the negative 



coefficients on the interaction terms indicate that an in- 
crease in state cigarette price is associated with a reduction 
in the probability of current smoking and current drinking, 
compared to the reference group. However, the positive 
coefficient indicates that an increase in state cigarette price 
is associated with an increase in binge drinking among this 
population, compared to the reference group. Nearly all 
the coefficients on the interaction terms (e.g. cigarette 
price x aged 18-20) are statistically significant, indicating 
differences (both increases and decreases) from the refer- 
ence age group (those 65 and older) in the response of 
smoking and drinking patterns to the state price of 
cigarettes. 

Table 4 presents predicted responses by age group to a 
$1 increase in state cigarette price, based on the models 
estimated in Table 3. The results are expressed as pre- 
dicted percentage point changes [56]. An increase in 
cigarette price was not associated with a significant 
change in smoking for those aged 18-29. However, a $1 
increase in cigarette price was associated with a signifi- 
cant decrease in smoking of 1.10 percentage points 
among those aged 30-64, and an increase in smoking of 
1.43 percentage points among those aged 65 and older. 

Cigarette price was associated with current, binge, and 
heavy drinking differentially by age group. For current 
drinking, a $1 increase in cigarette price was associated 
with an increase in drinking prevalence of 3.72 percentage 
points for those aged 65 and older, and a reduction of 4.02 
percentage points for those aged 18-20. A $1 increase in 
price was associated with an increase in binge drinking of 
4.06 percentage points for those aged 21-29, and a reduc- 
tion of 1.95 percentage points for those aged 65 and older. 
Finally, an increase in cigarette price was associated with a 
significant increase of 1.15 percentage points in heavy 
drinking for those aged 21-29, a population that already 
has higher rates of drinking. An increase in cigarette price 
did not significantly impact any drinking pattern for those 
adults 30-64. 

Discussion 

This study examined the associations of state cigarette 
prices with smoking, and current, binge, and heavy 
drinking by age group. The study's novel findings are 
that increases in cigarette price are associated with 
increased smoking and drinking among those 65 and 
older, and increased binge and heavy drinking among 
those aged 21-29. These associations were not necessar- 
ily in the directions initially hypothesized. As shown in 
Table 3, the hypothesis that increases in state cigarette 
prices would produce stronger reductions in smoking 
and stronger increases in current, binge, and heavy 
drinking among young adults (those under 30 years of 
age), than among those aged 30-64 and 65 and older did 
not always hold. 
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Table 1 Sample descriptive statistics among adults aged 
18+,BRFSS, 2001-2006 (a) 



Variable 

N = 1,323,758 



% or mean (SE) 



Cigarette price, $ per pack (b) , by 

2001 
2002 
2003 
2004 
2005 
2006 

6-year mean 
Female gender, % 
Age group,% 

18-20 
21-29 
30-64 

65 and higher 
Poverty, % 

Not poor 
Poor 

Maybe poor (c) 
Race/ethnicity, % 

Non-Hispanic White 

Non-Hispanic 
African American 

Non-Hispanic Asian 

Non-Hispanic Native 
Hawaiian Pacific Islander 

Non-Hispanic 
American Indian 
Alaskan Native 

Non-Hispanic other race (d) 

Non-Hispanic multi-race 

Hispanic 

Have partner, % 
Employment status, % 

Unemployed 

Employed 

Out of workforce 

Educational level, % 

<High school degree 
High school grad 
Some college 
College graduate or more 
State-level co-variates 
Beer price, $ per six-pack (b) 



year and 6 year means 

$1.95 (0.00) 
2.09 (0.00) 
2.06 (0.00) 
2.01 (0.00) 
2.03 (0.00) 

I . 98 (0.00) 
$2.02 (0.00) 
50.54 

4.32 
16.49 
64.27 
14.92 

84.89 
8.91 
6.19 

71.14 
9.62 

2.63 
0.36 

1.08 

0.78 
1.51 
12.88 
64.10 

5.05 
64.64 
30.35 

II. 14 
29.45 
27.28 
32.12 

$3.99 (0.00) 



Table 1 Sample descriptive statistics among adults aged 
18+,BRFSS, 2001-2006 (a) (Continued) 

Magnitude of state smoke-free 4.1 7 (0.00) 

laws (range 0-12), mean 

State poverty rate, mean 0.12(0.00) 

Notes: BRFSS = Behavioral Risk Factor Surveillance System Surveys. 
SE = Standard error. 

(a) Weighted data are presented to reflect the complex sampling design of 
Behavioral Risk Factor Surveillance System (BRFSS). 

(b) In 1982-4 dollars, adjusted for inflation. 

(c) BRFSS income response categories do not track exactly with poverty 
guidelines limits, responses that were impossible to discern whether in 
poverty or not were coded as "maybe poor". 

(d) "Non-Hispanic other race" is not further defined in the BRFSS code book. 



In terms of current smoking, the response for those 
aged 30-64 mirrored the bulk of the literature: an in- 
crease in cigarette price was associated with a decrease 
in smoking [10,11]. However, as indicated in Table 4, 
smoking among the age groups under 30 was not asso- 
ciated with a significant response to cigarette price in 
this study. This finding is similar to Sloan and Trogdon, 
who also did not detect significant associations in a 
study including those aged 21-24 [62]. While a longitu- 
dinal study by Tauras, et al. concluded that increases in 
cigarette price reduced smoking prevalence among 
youth and young adults, the respondents in that sample 
were aged 12-22 [49]. Those younger age groups may 
have responded differently than the categories of 18-29 
year olds used in this study. The finding that those aged 
65 and older increased smoking prevalence at higher 
cigarette prices was unexpected, though cigarette price 
studies of this specific age group are rare [38,63] . 

For current drinking, and consistent with some other 
studies [14,64], this study found that higher state cigarette 
prices were associated with significantly lower rates of 
current drinking among those aged 18-20, who are not 
able to purchase alcohol legally for their general consump- 
tion. For those aged 65 and older, an increase in cigarette 
price was associated with a significant increase in rates of 
current drinking. Another study also found increases in 
cigarette price associated with increased drinking con- 
sumption in older adults [38]. It is possible that increases 
in cigarette price may be the final motivation for those 
aged 65 and older to stop smoking, and they may poten- 
tially substitute a drink for their smoking. For this age 
group, which is often on limited budgets, a drink now and 
then may be less expensive than maintaining smoking 
[65]. Although this age group has lower overall rates of 
use, even current drinking may be unhealthy, as its mem- 
bers are more likely than younger age groups to suffer 
from multiple chronic health conditions, and experience 
interactions with medications that may be further compli- 
cated by drinking. This is a particularly important consid- 
eration as the U.S. faces a growing aging population. The 
response of current drinking to changes in cigarette price 
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Table 2 Smoking and drinking prevalence rates by age 
group, BRFSS, 2001-6 (a) 



Variable Current 
smoking 


SE 


Current 
drinking 


SE 


Binge 

drinking (c) 


SE 


Heavy 
drinking 


SE 


N = 1,323,758 (b) 
















Total 


21.79 


0.00 


55.38 


0.00 


15.69 


0.00 


5.43 


0.00 


Age group (d) *** 
















18-20 


24.19 


0.49 


47.05 


0.58 


25.26 


0.55 


8.40 


0.35 


21-29 


27.58 


0.22 


63.95 


0.24 


28.99 


0.25 


8.44 


0.15 


30-64 


22.92 


0.08 


56.99 


0.10 


14.48 


0.08 


4.97 


0.04 


65 and 
older 


9.84 


0.11 


41.40 


0.18 


3.45 


0.08 


3.23 


0.07 



Notes: BRFSS = Behavioral Risk Factor Surveillance System Surveys. 
SE = standard error. 

(a) Weighted unadjusted percents are presented to reflect the complex 
sampling design of Behavioral Risk Factor Surveillance System (BRFSS) 2001- 
2006. 

(b) N = 1,323,758. This is the sample used for all analyses, except as noted. 

(c) N = 1,050,573. Includes observations for 2001-2005 only due to change in 
definition of binge drinking in 2006. 

(d) Data represent chi-square statistics. 

*** Age group has a statistically significant association with all four column 
variables (Overall chi-square df=3, p<.001, for each column variable). 

of those aged 21-64 was not significantly different from 
zero. 

A concerning finding from this study is that higher 
cigarette prices were associated with higher rates of both 
binge and heavy drinking among those aged 21-29, the age 



group that already has the highest prevalence of smoking 
and current, binge and heavy drinking of any age group. 
The response of binge and heavy drinking to cigarette 
price did not vary across the other age groups, with the ex- 
ception of a reduction in binge drinking for those aged 65 
and older. Only one other study, by Dee [14], compared 
different forms of drinking outcomes to increases in 
cigarette taxes among teens. While his models with fewer 
co-variates found a complementary relationship between 
cigarette tax and heavy drinking among teens (i.e. as tax 
increases, drinking decreases), in the more complex mod- 
els adjusting for state and year effects, Dee also did not 
find a significant association between cigarette tax and 
heavy drinking among teens. In the present study, an in- 
crease in cigarette price was associated with an increase in 
current drinking for those aged 65 and older, perhaps due 
to substituting drinking for smoking. However, it is plaus- 
ible that smokers in this age group who were binge drin- 
kers might have a different response to increases in 
cigarette price. It is possible when cigarette prices 
increased, smokers who both smoked and binge-drank 
quit both behaviors, but this would not have been detect- 
able in pseudo-panel data. In order to discern these rela- 
tionships further, longitudinal studies that track the same 
individuals over time are needed. 

Previous studies have found that drinking increases in re- 
sponse to increases in cigarette price [13,18,38], but those 



Table 3 Parameter estimates: smoking and drinking response to cigarette price by age group, BRFSS, 2001-6* 



(a) 



Independent variables 



Current Smoking (3 (SE) Current Drinking (3 (SE) Binge Drinking (c) (3 (SE) Heavy Drinking (3 (SE) 



N=1,323,758 (b) 

State cigarette pack price ($) 
Age (reference = 65 and older 

18-20 
21-29 
30-64 

Cigarette price x aged 18-20 
Cigarette price x aged 21-29 
Cigarette price x aged 30-64 
Year (reference = 2006) (d) 

2001 
2002 
2003 
2004 
2005 



0.014* (0.007) 

0.128*** (0.029) 
0.195*** (0.014) 
0.211*** (0.008) 
-0.032* (0.014) 
-0.006 (0.007) 
-0.025*** (0.004) 

0.025*** (0.003) 
0.022***(0.003) 
0.021 ***(0.003) 
0.008**(0.003) 
0.006**(0.002) 



0.037*** (0.009) 

0.215*** (0.034) 
0.264*** (0.016) 
0.140*** (0.011) 
-0.077*** (0.017) 
-0.045*** (0.008) 
-0.029*** (0.005) 

0.022***(0.004) 
0.030***(0.004) 
0.043***(0.003) 
0.028***(0.003) 
0.015***(0.003) 



-0.019** (0.007) 

0.060 (0.032) 
0.104*** (0.014) 
0.054*** (0.006) 
0.049** (0.016) 
0.060*** (0.007) 
0.019*** (0.003) 

0.002 (0.003) 
0.013***(0.003) 
0.016***(0.002) 

0.005*(0.002) 
0 



0.001 (0.004) 

0.027 (0.019) 
0.027** (0.009) 
0.023*** (0.004) 
0.005 (0.010) 
0.011* (0.004) 
-0.002 (0.002) 

0.002 (0.002) 
0.007***(0.002) 
0.007*** (0.002) 
0.002 (0.002) 
0.002 (0.001) 



Notes: Models included covariates for gender, poverty status, race/ethnicity, co-habitating partner status, employment status, educational level, beer price (six-pack), 
magnitude of state smokefree laws, state poverty rate. 

(3 = beta for parameter estimate; SE = Standard Error; *p < .05, **p < .01, ***p < .001, using t-tests, df =1,320,358 for current smoking, current drinking, and heavy 
drinking, df =1,047,879 for binge drinking. 

(a) Weighted data are presented to reflect the complex sampling design of Behavioral Risk Factor Surveillance System (BRFSS). 

(b) N = 1,323,758. This is sample used for all analyses, except as noted. 

(c) N = 1,050,573. Dropped all observations from 2006 in binge drinking analyses to reflect change in definition of binge drinking for women in that year. 

(d) Reference year is 2006 for all analyses except binge drinking analysis, when reference year is 2005. 
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Table 4 Predicted smoking and drinking response to 
cigarette price— by age group, BRFSS 2001 -6 (a) 

Current Current Binge Heavy 

Smoking Drinking Drinking Drinking 

Percentage Percentage Percentage Percentage 
point change (c) point change (c) point change (c d) point change ( 

N = 1,323,758 (b) 



Age group 



18-20 


-1.76 


-4.02* 


2.98 


0.56 


21-29 


0.83 


-0.83 


4.06*** 


1.15" 


30-64 


-1.10** 


0.82 


-0.09 


-0.19 


65 and 


1.43* 


3.72*** 


-1.95** 


0.05 



older 

Notes: Models included covariates for gender, poverty status, race/ethnicity, 

co-habitating partner status, employment status, educational level, beer price 

(six-pack), magnitude of state smokefree laws, state poverty rate. 

BRFSS = Behavioral Risk Factor Surveillance System Surveys. 

*p < .05, **p < .01 , ***p < .001 , using t-tests, df =1 ,320,358, for current smoking, 

current drinking, and heavy drinking, df =1,047,879 for binge drinking. 

(a) Weighted data are presented to reflect the complex sampling design of 
Behavioral Risk Factor Surveillance System (BRFSS) 2001-2006. 

(b) This is sample used for all analyses, except as noted. 

(c) Percentage point change reflects predicted changes in smoking and 
drinking pattern response to a $1 increase in state cigarette price. 

(d) N = 1,050,573. Includes observations for 2001-2005 only due to change in 
definition of binge drinking in 2006. 

studies did not compare responses across age groups. The 
findings about associations with increased binge and heavy 
drinking among adults aged 21-29 underscore the import- 
ance of examining different patterns of drinking in response 
to cigarette price across age groups. Future research could: 
1) investigate associations interacting age group with other 
demographic variables (e.g. gender, race/ethnicity) related 
to smoking and drinking outcomes, and 2) examine factors 
(e.g. biological, psychosocial, developmental, marketing) 
contributing to increased drinking behaviors among certain 
age groups in response to cigarette price. Such research 
could provide insight for effective interventions with spe- 
cific populations. 

This study has limitations and strengths. First, BRFSS 
does not collect data on persons who live in institutions, 
the military, and the homeless. Second, as a telephone sur- 
vey, the dataset may have bias due to its under-coverage 
of those individuals who do not have landlines. BRFSS 
documentation acknowledges that some populations (e.g. 
those in the rural areas, African Americans in the South, 
low income populations, and young adults) are less likely 
to have landlines and the data may not be representative 
of those populations [66]. However, the weighting adjust- 
ments made using the BRFSS weights minimized the im- 
pact of such non- or under-coverage [66]. Third, the 
BRFSS does not track the same individuals over time, nor 
does it include variables relating to the level of nicotine 
and alcohol addiction. Thus, it was not possible to analyze 
differences in demand response due to addiction, or to an 
individuals behavior over time. Fourth, in the years of this 



study, the BRFSS does not include variables that address 
the number of cigarettes smoked. This information could 
have provided more understanding on whether individuals 
reduce the number of cigarettes smoked (rather than quit- 
ting) in response to increases in cigarette price. Fifth, the 
BRFSS relies on self-report for smoking and drinking. 
While the amount consumed may be underreported, 
whether someone participates in smoking and/or drinking 
may be less prone to misreporting [52]. To the extent that 
underreporting of amount of alcohol consumed occurred, 
binge and heavy drinking results may be underestimated. 
While lacking in some areas, the BRFSS was the only data- 
set that provided publicly available state identifiers, demo- 
graphics, and information on the health behaviors critical 
to this study. Sixth, the beer price variable was based on 
the price of Heineken, which is commonly used in the lit- 
erature [52], but may introduce potential measurement 
bias. Finally, while using state fixed effects addresses bias 
from state characteristics that do not change over time, it 
does not address all bias, including uncontrolled variables 
that change over time. Nonetheless, strengths of this study 
were the controls for state and year fixed effects, the mag- 
nitude of smoke-free laws in a state, and state poverty 
rates. Much of the recent literature stresses the import- 
ance of accounting for these factors, which previous stud- 
ies may have omitted [67,68]. 

Conclusions 

In summary, age matters, as cigarette prices can be asso- 
ciated with unintended consequences on smoking and 
drinking behaviors among and across different age 
groups. Understanding the effects of cigarette taxation 
policy on different populations is important, as there has 
been a trend over the last decade for states to increase 
cigarette taxes, both to advance public health goals, as 
well as to fill dwindling state coffers. This study adds 
some cautionary information to decision-makers regard- 
ing the attainment of public health goals. Although in- 
creasing cigarette taxes has been used widely to prevent 
and reduce tobacco use, this study suggests there may 
be unintended consequences for policymakers to con- 
sider. Increases in cigarette taxes may result in reduc- 
tions in: smoking among those aged 30-64, drinking 
among those aged 18-20, and binge drinking among 
those aged 65 and older. However, increases in cigarette 
price through taxation could increase: smoking and 
drinking among those 65 and older, and binge and heavy 
drinking among those aged 21-29. Preparing for poten- 
tial increases in problematic drinking among these age 
groups could be considered through targeted program- 
ming to populations and outreach to practitioners. 

Additionally, while there are many researchers and 
advocates in the alcohol prevention and tobacco control 
fields, few study both topics. More interdisciplinary 
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behavioral, economic, and health research would benefit 
our understanding of the prevention, use and co-use of al- 
cohol and nicotine. Advocates and policy-makers could 
also collaborate and coordinate on policy-making after re- 
search has been conducted and plans made for unin- 
tended consequences. To our knowledge, a national, 
purposive, simultaneous campaign to increase alcohol and 
tobacco prices together has not been conducted, and it is 
unclear whether such efforts have occurred on the state 
level. Before creating a campaign to increase simultan- 
eously taxes on alcohol and tobacco products, economic 
modeling is needed both to arrive at an optimal tax and to 
understand potential unintended consequences, like the 
ones found in this study. Tobacco control and alcohol 
prevention researchers, advocates, practitioners, and pol- 
icymakers should work together to understand and pre- 
pare for unintended consequences of tobacco taxation 
policy. 
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